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P ersonal Che mistry P06231EP00/CA 
Specifi cation , claims and abstract 

TITLE 

Smnll Volume Vial 

FIELD OF THE INVENTION 

The present invention relates to a small volume vial, and more specifically to a 
scaled vessel assembly for performing microwave-assisted chemical reactions on 
small reaction mixture volumes. The invention also refers to a system for perform- 
ing microwave-assisted chemical reactions on small reaction mixture volumes con- 
tained in the scaled vessel assembly, and to the use of the sealed vessel ass«mbly 
and system for performing microwave-assisted organic synthesis reactions, 

BACKGROUND AND PRIOR ART 

The expression "nricrowave-asststed chemical reactions" as used herein refers to 
processes utilizing microwaves to initiate or accelerate chemical reactions. Micro- 
wave-assisted chemistry is used for heating materials in a variety of chemical proc- 
esses, the microwaves interacting directly with the materials including water and a 
number of organic liquids to cause molecular action and generate heat. Accord- 
ingly, microwave-assisted techniques have been developed both for analytic and 
symbolic processes. The equipment used for performing microwave-assisted chem- 
istry conventionally includes an apparatus having a cavity into which microwaves 
are guided from a microwave source, typically a magnetron. A vessel, containing the 
reqetants, is introduced in the cavity and positioned for exposure to the micro- 
waves. In some appliances, the vessel is a sealed container in which a reaction can 
I proceed under conditions of both elevated temperature and elevated pressure. The 

vessel, and the apparatus for exposing the reaction mixture in the vessel to micro- 
waves, provide the basic components in a system for performing microwave-assisted 
chemical reactions. In commercial practice, the system additionally comprises 
means for vessel transport to and from the cavity, means for dispensing solvent and 
renctants to the vessel, detection means, power and control means, and a rack for 
parking the vessel oxitsidc the cavity. 

A commercially available reaction vessel in a system for performing microwave- 
ast;istud chemical reactions is diagram matically shown in Figure 1 of the drawings, 
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M tube, havmg a penetrable Mptum capped wcr ^ J « 

the cawty onlrancc, gnpper means and a parking rack . The vessel has a ruction 

— * «— — TOlum es cciz; 

ptoccsscd in the system. y 

In this eontoxt, the expression "small reaction mixture volumes' refers to reaetio , 
~ voin.es in a nticro liter ra ng0 , such as volumes down to SoTp „ i^s " r 
T" ° 1 - S0 ° "*• "MM pi. Specific prob.oms need to be addroTse'd 

mail volumes contamed in the vessel. Tor example, the geometry in a top portion of 
h vessel should be designed ,o faeUitate reflux/re-flow of fluid; the mner di^Z 
cf .he vessel should be large enough ,o avoid formation of meniscus of fluid Z 

~ ^ * fl °" ^* *« - '»P - *c vessel; the eontainer voW u at 

* not occupied by the reaction mixture, or head space, should be related to the 
volume of roacinnls ,o avoid exaggerated vaporization at operative pressures Za 
umtperatures; in spite of reduced containment dimensions, the vesse, 

tants and/or solvents, microwave exposure, and detection. 

Tim present invention aims to so!ve these and other problems encountered when 
perforuung nucrowave-asslsted chemica! reactions on sms.l volumes. 

A first object orthe invendon is therefore to provide areactton vessel that allows 
mtcrownve-assistod chemistry to bo performed on small volumes. 

be" TZZ bi T " '° * ~ tHat ^—-assisted chemistry to 

be performed on small vo.umea by incorporating the reaction vesse. of the invl 

These and other objects and aims are met in a vessel assembly and a system ac- 
cording to the appended claims. * 
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SUMMARY OF THIS INVENTION 

Briefly, the present invention suggests a vessel assembly for. performing microwave- 
assisted chemical reactions on small volumes, wherein a reaction vessel is scaled 
through a penetrable and self-sealing diaphragm thai is capped over an open end of 
the reaction vessel. The reaction vessel movtths in an end plane of a sleeve sur- 
- rounding the reaction vessel, the diaphragm being clamped to the end plane 
through a ring shaped cap engaging an outer boundary of the sleeve. The sleeve 
provides a radial extension of the reaction vessel in order to bridge the radial dis- 
tance between a wall of the reaction vessel and other components in a system for 
performing microwave-assisted chemical reactions. 

BKIKF DESCRIPTION OF TUB DRAWINGS 

The vessel assembly and system are further described below with reference to the 
attached drawings. In the drawings, 

Fig.. 1 is a diagrammatic presentation of a system for performing microwave- 
assisted chemical reactions, and a prior art reaction vessel adapted to the system; 

Fig. 2 shows an embodiment of the new vessel assembly in an exploded perspective 
view; 

Fig. 3 i« a longitudinal section through the sealed vessel assembly according to a 
preferred embodiment of the present invention, and 

Fig. 4 is a sectional view similar to that of Fig. 3, showing a modified embodiment of 
the scaled vessel assembly. 

DETAILED DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the present invention will be more fully described below, 
modifications thereto successively outlined as the disclosure proceeds, 

WiUi reference to Fig.l, a system for performing microwave-assisted chemical reac- 
tions typically comprises an apparatus formed with a cavity 1, here shown with a 
prior art reaction vessel 2 being inserted and vertically positioned for exposure to 
microwaves from a microwave source (not shown). In the inserted position, the reac- 
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from the cavity. as we)l , ! a ^ ™\' «?- *> r tn-H-rl to and 

wise enured „ o^ToXr^ £ ~ ' ^ ^ ^ " ^ 



fig. 2 illustrates an embodiment of the new vessel assembly f„ r perforInille micro 
wave-assisted chcrmca. reactions on small volumes in a system a^ba— 

>lta reaction voaaal 10 haa an open upper and and a daaad bottom and and a ■ 
«.»,».. „ ,,,„. „ d.o,„ M „™.,.o,„,a, _ J^'"^"" 

op or U,e vesse,. Aa a non-Hmtemg ««rople, the reaction vossc , - Q 

.nnertunmcterdm the range of ..fewmil.ime.ors such as 3 5 ml 

not j ess than 3,3 mm. mm ' or as prof ™ d 

v^aeTm' I"! ^ S ° lTCnt ^ «**""* ™*< «- *° reaction 

^ *° vessd 10. is dimensioned in rda 

I,r;™ r reaCUOn " TO ' Um0 » *— «- order ,o avoid e.,a S . 
vapon^non a, operative pressures and temperatures. A s a guidance the 

13 of the reaction vessa, as illustrated in Kg 4 "the 1 i". tCnninaI ^ 

axial icngth , of rcaction ves5cl . Q \** of a»o <lrawm E s. Alternatively, the 

10 may be delcnmned through a radial comprcasion 
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12, forming a closed bottom above the terminal end 13 of the reaction vessel as il- ■ 
lu aerated in Figs. 2 and 3, respectively. 

The geometry in the upper end of reaction vessel 10 is determined in order to facili- 
tate reflux of liquid and to minim ise the risk of solvent and/or reaction mixture, 
sticking to the inner surface of the reaction vessel. Most preferred, the top portion 
of reaction vessel 10 is formed with increasing radius towards the open end, form- 
ing a conical mouth 14, For example, the conical mouth 14 may alternatively have a 
progressively increasing radius forming a flared cone (not shown) in the top portion, 
of reaction vessel 10. In all alternatives, the inner wall of reaction vessel 10 pon-... ;.' 
nccts to the mouth of increased radais through a continuous transition region 15. * 
The mouth 14 has a flange or rim 16, defining the opening in the upper end of reac- 
tion vessel 10 and contemplated for a sealed engagement with the peneLrable dia- - 
phrogm 30 as discussed below. . t- 

The sleeve member 20 is a cylinder with an outer perimeter corresponding to the . 
dia meter D, running from an upper end plane 21 to a bottom end 22, the bottom 
end being chamfered or formed with a radius 23. A seat 24 is formed in the end 
plane and correspondingly shaped to receive and support the top portion of in- 
creased radius of reaction vessel 10. In the received position, the reaction vessel 10 
extends centrally tlirough the sleeve 20, the sleeve providing a radial extension of 
the reaction vessel in concentric relation about the vessel to bridge the radial d is- , 
tancc between the wall of reaction vessel 10 and the operative diameter D of the 
system. Optionally, the seat 24 and reaction vessel 10. may be offset from the center 
of end plane 24, The axial length of sleeve 20 is determined with respect to condi- 
tions set by the system, such as the structure of parking racks, gripper means, and 
microwave cavity specifications. Thus, the sleeve may be of same axial length as the 
reaction vessel 10, or extend beyond the terminal eryi of the reaction vessel, or ex- 
tend only for a part of the axial length of the reaction vessel 10. 

The upper end of sleeve 20 is formed with a groove or other formation, such as a 
flange 25, for holding the cap member 40 over the end plane 21. The cap <10 is a 
ring shaped clement having a through hole 41 povsitioncd to match the mouth 14 of 
reaction vessel 10 in the assembled position. The cap advantageously is a metal 
clement that is crimped about the outer boundary of the end plane 21, in the illus- 
trated embodiment for a firm engagement with the lower side of the flange 25. 

cmnf *n*o7oi t 18. Ha7. 14:50 
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The penetrable diaphragm 30 is ei amped between the cap .0 and end plane 21 of 

the sleeve 20 in the sealed vessel assembly. In the clarrmcd „«m J 

o A , A tl , v clamped position, the diaphragm 

30 covers the mouth 14 of reaction vessel 10 and extends in radial direction out 

3, .a thus depressed in ,he .owcr side of the diaphragm for a sealed endoaure of L 
mner vo.ume 1 1 of reaction vessel 10. The diaphragm 30 is an elastic element hav- 
«.* se.f-stmhng p ropcrtics oft er penetration from . dispensing means, such as a 
needle. Suitable materials for the diaphragm 30 are well known within the art and 
need not he further commented here. 

lection vesse. ,o is in icrowave transparent and made for examp.e ofgiass. and 
preferably a.so the sleeve 20 is made from microwave transparent materia,, sneh as 
mass or any smtnhle polymer materia!, such as a pdyethylene-bascd poiymer mate- 
" I t °7 20 ™* ahomo^nons section (Fig . 3, from the outer perimeter 

io TJI , ™* 10 " ^ f °<™° with a min waU sec- 

• on (Fig. 4). depending irom the end plane 21 and enclosing an annular cavity ra- 
rhaUy about the wal. of the reaction vessel 10 . in the presently preferred embodi- 
ment, the reaction vesse! 10 and sieeve 20 are separate dements fixedly secured 

„Zf * CaP , 4 ° diaPhragm 3 °- ^ ' Uaphragm » «te cap lo 

vesse. m the seat o. the sleeve. Alternatively, ^ reaction vessel and slaeve may be 
mtcgrafiy fanned from one materia, as illustrated in Pig. 4. The appended cZs 
are drafted to include any and all or such modifications that would appear obvious 
to the man sldlted in the art alter reading this specification. 
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CLAIMS (2002-12-12) 

1 . A sealed vessel assembly for performing microwave-assisted chemical reactions 
on small volumes, the assembly comprising a reaction vessel (10) having an 
open upper end and a closed bottom end, a microwave transparent sleeve (20) in 
concentric relation about the reaction vessel, the sleeve having an outer perime- 
ter and an end plane (21), the outer perimeter of the sleeve defining a radial cx* 
tension of the reaction vessel, a ring shaped cap (40) secured over the end plane 
of Hie sleeve, and a penetrable diaphragm (30) clamped between the cap and the 
sleeve for sealing the open end of the reaction vessel, mouthing in the end pl«ne 
of the sleeve. 

2. The assembly of claim I, wherein an axial length of the sleeve (20) is less than 
the total length of the reaction vessel (10). 

3. The assembly of claim 1 or 2, wherein the sleeve (20) and reaction vessel (10) arc 
separate elements fixedly secured by the ring shaped cap (40) and the dia^ 
phraem (30). 

4. The assembly of claim 3, wherein the upper end of the reaction vessel has apor-, 

firm nf inrrr^xM dX^Tnetor (14,15, 16), and tUo oxxd piano of tKo oleove io formed 

with a corresponding seat (24) for the increased diameter portion of the reaction 
vessel, 

5. The assembly of claim 4, wherein the seat in the sleeve is dimensioned to ac- 
commodate the reaction vessel such that a rim portion (16), defining the opening 
in the upper end of the reaction vessel, protrudes above the end plane (21) of the 
sleeve to be impressed in the penetrable diaphragm (30) that is clamped to the 
sleeve for sealing engagement with the reaction vessel (10). 

6. The assembly of claim 5, wherein the increased diameter portion of the reaction 
vessel is a flange. 

7. The assembly of claim 5, wherein the increased diameter portion of the reaction 
vessel is n cone. 
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8. The assembly of claim 5. wherein me leased diameter P „ rtion 0/ ^ rcaction 
vessel is a flnrcd cone. 

0. The assembly of any previoua ^ wherein ^ ^ ^ _ ^ ^ 
rtefmmg an anmilar cavity about the reaetion vessel. 

10 * ~* ° f 3ny prcv,0U8 «*— • a bottom of the reaction vessel ,10, 

•a formed through a radial compression (,2, of the reaction vessel diameter 
above the terminal end (13) of the reaction vessel. 

1 i. The assembly of any previous claim, wherein the reaction vessel has an inner 
volume deluding a head space vohunc which is less than 20 ti™ s that of the 
smallest reaction mixture volume contained in the vessel. 

12. The assombiy of any previous claim, wherein the reaction vessel is dimensioned 
forperfornungmtcrowave-assisted chemical reactions on smtdl volumes of 500 

13. A system for performing microwave-assisted chemical reactions oxa small vol- 
umes, comprising a sealed vessel assembly (10.20.30,40, according to any pre - 
vious claim 1-12. ^ 

14. The system of claim 13, wherein the outer perimeter of the sleeve is dimen- 
•s,oncd for bridging the radial distance between a wall of the reaction vessel and 
an entrance diameter <D) of a microwave cavity ,lj fa the system. 

15. The nse of the assembly according to any of claims 1- 13 for pcrfomring micro- 
wave-assisted chemical reactions, in pa, tieular miemwave-aasisted organic syn- 
thesis reactions, 

17. The use of the system according to any of claims 13 -!4 for performing adcro- 
wave-aasisted chemiea, reactions, in particular microwave-aasisted organic syn- 
thesis reactions. b y 
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AUSTJRACT 

A vessel assembly for performing microwave-assisted chemical reactions on small . 
reaction mixture volumes is disclosed, wherein a reaction vessel (10) is scaled , 
through a penetrable diaphragm (30) that is capped over an open end of the reac- 
tion vossel. The reaction vessel mouths: in an end plane of a sleeve (20) surrounding 
the reaction vessel, the diaphragm beings clamped to the end plane through a ring 
shaped cap (40) engaging an outer boundary of the sleeve. The sleeve provides a 
radial extension of the reaction vessel in order to bridge the radial distance between 
a wail of the reaction vt-ssel and other components in a system for performing mi- 
^crowave-assistcd chemical reactions. 

Hg. 3 
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F«g.1 (Prior art vessel) 
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